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Abstract of KR20020095421 

PURPOSE: An active material for a battery, Its 
preparation method and a method for preparing a 
battery using the active material are provided to 
improve the heat stability, the electrochemical 
properties containing the capacity characteristic 
and the lifetime, and the productivity. 
CONSTITUTION: The active material comprises 
the surface treatment layer containing the 
compound represented by MXOk, wherein M is at 
least one element selected from the group 
consisting of an alkali metal, an alkali earth 
metal, the element of group 13 and 14, a 
transition metal and a rare earth element; X is an 
element capable of forming the double bond with 
oxygen; and k is 2-4. Preferably M is at least one 
selected from the group consisting of Na, K, Mg, 
Ca, Sr, Ni, Co, Si, Ti, B, Al, Sn, Mn, Cr t Fe, V and 
Zr; and X is at least one selected from the group 
consisting of P, S and W. Also the active material 
comprises a lithium intercalation compound 
selected from the group consisting of a lithium 
oxide and a lithium-containing chalcogenide 
compound; and a surface treatment layer which 
is formed on the surface of the lithium 
intercalation compound and comprises a solid 
compound containing M and X and the 
compound represented by MXOk. 
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£ 48 8 ^3 2] AjAIOII 2CH1 tt r ^ 2X|2] 3X|0I| C.\\f>\0\ 4.3V-2.75V2] g oj. g?|0l|A| 0.2C. 0.5C. 
°! 1C0IIA12] g^tS SEAj^V 

£ 5^ a HFgoj aj A |01| 130|| UL\E 3X|01| CH8K)t 4.3V-2.75V2J 2 & ^?|0i|Ai 0.2C. 0.5C. Sd 1C 
01|A|2| *H\m £A|°! 

£ 68 8 £JA|01| 5 LHX| 7 gi HlBOli 1011 CHS g!^ 2X|2] 1C0I|A|S| ^§i§ UE|Mj £0 . 

£72 a ^goj ^ A |o|| B3 |. ujaoil 12j = 2X1011 qolOl 4.6V-2.75V2] g^|0||A1 0.2C, 0.5C ^ 

1C£ §«^i £j A| £A|°! £0. 

£ 88 8 ^goj ^ A |oj| 8 oj 2x|01l CH6 r 0j 4.95V~2.75V2] g?|0||A| 0.2C. 0.5C 1C£ #^ 

21 ^A|Sh £A|S^ £0. 

£ 9^ a. ^goj ajaIOJI )H\ H| 32] xjX|2| C-rate01i U|i§ 4g ^£ # UElttl 

£ 108 £ gA|OI| 1521 £ie 018 3 X| CHI m\0\ 4.2V-2.75V2] ^ ^| CHI >H 0.5C. 1C ^ 2C^ 

S&BS ^A|o] 131f# £A|f! £0. 

£ 11a LHX| 11e8 8 yjg2] £jA|0|| 1011 CC[£1 XII 3S@ 2| STEM(Scann i ng Transmission Electron 

Microscopy)0|| 2|& §j 4^ 8<^ gH[g fi£] £0. 

£ 128 8 ^§2] *JA|0I| 1 Oil n r £r XII £8 iii^l 3£x1£J#2| £8# 2X1! 8^8^?i (Auger 
Spectroscopy) Oil 2\%\0\ g*j£ 2315 H2J £0 . 

£ 13a 2| £ 13b8 8 g*92| £A|0I| 1011 Hr£r XJI3S8 SsS 21 90 « ±*H(line scanni ng)9|0| 
EPMA(Electron Probe Micro Analysis) 8^£! S^rS UErtH £3- 

£ 148 8 ^s^j ^ ai oil i2i mmmz\ s^x^§5j ^x r ggnxps) 8^ ueihi es. 

£ 15a2 r £ 15b8 8 ^ A] Oil 52} HI 12 Oil 12] § Mi! Oil AfOlt^ M^SHISe UEIbH £0 . 

£ 168 8 1*33 ^AlOll 52} BlliOll 12] !^§12j S|g 0| 8 ^£# UEIb" £3- 

£ 17a 2 r £ 17b8 8 8*83 ^A|0I| 52} d|30l| 1011 tt}2J *ll£8 S XI Oil CHorOI 4.6V-4.25V2J 3 

& ^^0i|A1 #^21 ^A|^ CLH2| ?*X\ £^2] UEItH £0. 

£ 188 8 iTSOII CUE ^ A| Oil 5 °! 012011 1 Oil tt}d} fl|£8 2*IM 4.3V^ * £8 ©^§J 

2i dsc ^§ 12*1 sei £3. 

£ 19^ 8 ^32] ^Al Oil 5 LHX| 7 5S H|I2 Oil 1011 &}£} Xl|£8 ^ SXfM 4.3V^ #2^ ^ ^8 

§2j dsc ^§ aei £3- 

£ 208 8 g*S2J 4'A|01| 83f b|B01| 12j 2XIM 4.6V^ H}#£]&.h ? ^8 ^M^^J DSC ^§ §3| 

£ 218 8 ^S2j ^ A| Oil 92r H 1 13 Oil 22| «^ SXIS 4.6VS 2r#2£^ ? ^8 ^M^2| DSC ^§ 

£ 228 8 M*S21 ^A|01l 9 ^13011 22f U|H10j| 42] 2*11 5V£ 2}g5joh * wo ^p^jo| DSC 

^§ eel £2- 

£ 238 8 ^S2J ajaIOII 1, AJAI01I 10. H I HI Oil 1 ^ b|H0l| 42] «^ 5VS 3r#3£[ ^ ^8 W 

#^2J DSC £2J £0- 

£ 248 8 i*92| ^ A| Oil 113} HIHOII 42] «^ 2XIM 5V^ 3[§2E f ¥ ^8 ^P^2] DSC ^§ 
fig! £3. 

£ 258 8 ^S2j ^AJOII 133} ^AlOll 14 ^ H|I30j| 521 gx|M 4.BVg ^ ^8 

DSC ^Hrl fig! £3- 

£ 268 8 ^§2} ajaIOII 152] £|g 0I8 3X!S 1C 3}#2^ 3?5J 2X|2| #23°} Sj 8£S fi2J £ 



[&®& oig 8on 

8 ^S8 2X|§ gMH ^ 3 73I5E ^^Oil £°£A]. fiQ ^AI|o^l8 S^im^l^l ^^^1 ^3 ^ 

s^oi ^^e! sxig mmm ^ n wis ^^oii ^ ^oip. 

^EHg 3XPP|2| ^gS} SI SlfS} ^M\9\ ^^o\0\ 01 § ^P|2] S^og Ar££|8 2X|2J 
Si SI Pigi^lOll C HEI ^fi^OI ^OlAU £oh o^^QI °-^o^ gXl|^0| 2X1011 CHoUAi 
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ojywo^ m|go^ Algot8 1x| 2X|2[ XH#3S|0| A[£m ^ 2i8 2x1 2X|^ q^ 4 

§7| Ixl 2X|^8 °1Z> 2 XL ^£1 2X| , 4*8 3 XI , #^8 2X| 10| £ODj. 2x| 2X|^8 
y#2X| . Ni-MH(L|§J ^^ofOIE^OIS) 2X| . 9JU1|g U1J-?|E§ 2 X| . £11 ^ 2*l . B|g 0|8 xj 
X|, B|| MdlCH 2X|. eiM-^Qi(sulfur) 2X| g0| 2jq. 

oi£j°! 2XI68 ^,uf ^oij *pi mm ^eoi 7^*1 m A|g£°SMi 2^1 ^2!A|7|8 £0|q. 
2X12J gg, ^g. 2^21 2*8 2X|2i 3^ °j ojg^m Ai^^g 5}^ol8 24i8 v.':-.;^ g^£J 2 

71 mm «igoii sowfe ^e§2j ^§:# °>§§oiq. u*eiai oiai& w ;oiu § 

271^3 m;g3}\ «^ °!§§e 7H2o|ei8 3=?7| ?ll^2£ 2^i£J3 2iq. 

^XH Alg£|3 2 X| g01|Ai £|M8 H^S 27| g^0| 71 Aj 2§§ 2X|M ai^U 4^ 

2J°D1. 271 M§£7| 71 A1 32& 3X| It Xli^iJ ^ 2iq. 3£|q e|g XF*I|S8 °!2§6 8* SSI 
8 q| gXJPf SiCH £Ih ^ 5E8 £ls 0182] 7|«*|°J £]E1IJeilOI2 ( i ntercalat i on) . qo]El^ei[0|^ 
(derntercalation)OI Hi] ft 2X|2J ^1§J^. Afgol8 2X|7| ^^6| 2 3 

oi£i^ 3 xi§ chh3°i 011^8 i^oiiai bim 01801 ejEi^aioid/PejEj^eiioidS &H2j aw 

S9|(chemical potential )2| gslOII 2J6|0| 27| 0114X16 ^§ol8 £|f§ 0[x| 2X|7| °[q. £IM 0|x| 

2xi8 z\m oi8°j 7i«*joi °jqiJaioid/q°iqi^ioi£ 7f^°j i§§ --: n\ wmm £ 

A|go|3. §71 ^ ^ AIOI01I #7| 26H°h £Eb M&I 01 2SH^6 SSA|?1 X||3Ee>CK 

BIS 01x1 2X|2| Si"? ^611 ^8 ^Is 3^ m&lOl A|gE|3 . 3 «|S LiCo0 2 . LifeM> 4 . 

LiNi0 2 . LiNi l - x Co x 0 2 (0<x<1). LiMn0 2 12] ^Sj^MOl 2 ^£131 ojq. ^| ;:i : v § 

L i Mi : 2 0 4 . LiM(»0 2 g2J Mn^ll ?! -J f§§8 ^3. 310| H|n^ AHfl . ^^Oil ^e! 2g£ ^0| 

DH^oi 2»b ^lopi^ em. ggoi yge 71X13 2»q. LiCoC^^ 271 2£££f ^8 

2X| 2^ 3£|3 2^ S0ID1. ?jXH SonyAI ^0l|A| ^S$|£|CH A|&£|3 CHfi^oj oj 

^M§0|q. ?|2*0| B|M|3 3^ #^2A1 2>§^0| ^q^ BSi U|So|3 2iq. LiNi0 2 ^ ?|0||A| 

eie?! ^ eis § 7i& 2ioi ^di. 7is ^8 ^2 §^2i 2xi ueho ®smy\ o\ 

Bl^BI ^71 ISgoll #^2A| 7|S ?>S^o^ g-o}g 5[ q^ egoi oiQ- 

^7| ^wi!8 £1^ 0|82| 7|°e!^o| o i e| ^ a i o I ^ / q o ] y ^ y i o I ^ u|goi| o|6H tigoj zp^^j org^^ 

gifoi Sonxi^ Li oiet^aioi>y m^poiq. #2 2?I7| ^^^^^ oisie! Li qe!Eii*aioi£2| %W 

e7iAm 2^21 e7iAi7ixi°L m^ioi iy§op 2^2] <m™ eis^oi ^^ei xi 

6|£|^ 8^11^01 2«q. ^#2 ^EH2j ^§J8 2X| lh^2| 8£7| feofxis gJ§ 8£(S7ll 8i) 
0|^0l|Ai ^^0183} m±°\ ^^^01 ^^o| SOiXI^Ai a^7| Q% ^^©1711 aq. one §o| #2& 

EHoj LiCo0 2 8 Li l - x Co0 2 (0<x<1)^ S|§|?^§ 7|X|^Q| 0|3°» ?52| (^3| x7|- O.SSq 

e 2^)8 ttH80ll 2 X| LH^2j 8SE7I ^0|X|^ 8£ OI^OIlAt 3^M2| d^2j 

0| ^*6| ?14i£|01 a^7| ^dlEiq. 0|£|*> ^7| 2oH^BI ygol8dl 0| yg8 QH^ ^8 ^ h 

qqUIOI 2X| LHCHI Ai ge^(thermal runaway)^ gj 0|qd| 2X|7| =^f^ 4^ 218 7f^ 

26 JllS^q. 3£iHg 2XI2J ojg^i ^A|7|7| ?i^HA18 2SH^ ^g2| g^i* gi 8 

«£2| ^ 71|X| 6 3S^m8 S0| Xl|Ol£|Oi0^ 1 fi4:0|q. 

^71 ^g^Jil 8^6 51oib g^g g oiqs §6^2| X(|£^2§ ^iH^SHI ^moj 

^6^2J B0*ie 5§ol8 Q&0\ 2iq. ^]X|37|7| ^6^. ^ H3^0| 2X| Xi 

8 360IIA12] 2^^. ^2 2^ #0| gf^q. 3£IU 2X| ^2^ . 4*3. X|7| ^2 ^28 

£JX| 37|7| ^^W^^ UHHI2Q8 8X11 S0| &q. oi 01^^ EJX^37|6 gmoi ^g^^F ^g8SE 
6 5§ol8 Pi oilb SPII7I 2iq. 

#^2A| ^M^2| 2!§^§ *^VA|7|7| ?|£| «|gog Hi 711 ££8 Co 711 £| § ^JSIIOII Cfi £l£6 £9o| 
8 ^901 X||A|£|2»q. 0| «^£| 0||^ DR X||5 . 292.601 sOII 8 LiCuCfcSI 7H2AIEI 

^^Ai Li >! M0 2 (M8 Co. Hi °y § 30|£ 6|q2| S^0|3. x8 0.5 U|X| 1«j)7| 7|XH£|0| giq. 

^1*21 PJS26 7H2oPI £E QE ^2£n gs§!2| SSi 7H^A|7|8 ^0| ^8 ^ 

S1S7H Xi|9-55210a01l8 BIS-U2B5II ^1:011 Co. AI . Mn2| ^^A|0|HS ^ gx1B|o|0| X||^£I8 

?>::■> ^#§0| 7|XH£|CH 2>3. §J8 ^^^7H X1| 11 -16566^0118 Ti. Sn. Bi . Cu. Si. Ga. W. Zr. B. 3E8 
Mo2| 5y/5E8 01621 3^81 BI^TII £]$M0| 7|XH£|0| 9i9.0\ , ^8 ^^^7H X|| 11-185758 

^0118 els ^ all 21 53011 ^ ^sl-16 * ^x|e|o|8 ^ ^6H0| 7|XH£| 

CH 2iCJ. 

3£iq ^7| ^^68 ^6U2| S^il 2oH^0| «!^o!8 27| 8£ ^. #2A| ^6^2] g 
^2 2^71 ^at!8 8£(^^ 7HAS 8£. T s )6 #^o| &£A|7|X| =u!3 ^5H£I8 

2^if(^^^)6 #8«! S£M ^^A17|XI8 ^mSQ. 

gj-i ^6H8 #2A| Li^OzCM = Ni £E8 Co)B\ 6 7^X|8QI x2J 2101 ?J. ^6^21 =?S 2! §£01! 

D|xiq. ^, 0<x<0.5 S?|0||A18 Af0|^ (cyclic stabi I i ty)0| 71 ^goMI §61711 « 

X|£JX|°f. x7^ 0.5 0|§^ aH01l8 ^A^3^(hexagonal ) ^0i|Aj 2 VMB| M (monoc I i n i c) ^25 £2 0| 
(phase transiti on)7| ^CH^q. 0|2|B §2018 S*0| £S| (ani sotropi c) ^KJ ^^6 ^! °?1 : 
^611011 D|A1| 3^(micro-crack)6 ^^A|?_iq. 0| 8 ^MS ?S0|| ^§6 7fX|2| §^6 Xi§| 
A17I3 4^S6 ^i^A|?_iq. ^. oi0|4iM^^| n Jt§ Sl^molOIOf 2X|2| g^oiq *f§A| 

^ 4= &q. 

yj 2| ^?2S^! ^§§6 P71AI7I8 DR ^ol XII 5 .705.291 SOll 8 Biqoi|0|q^ 

(lithiated) eiq^ei|0|^ §f^621 H301I ^aiO|e. ^^DlUIOt ^. ai^^oie, £8 0| 62J Et^66 
2*>S|8 5§6S 3^SI8 ^S0| 7|XH£|0| 2ioq. 0I2S| 2!§§0| ^X| £Sj 8XI|§0| 



33-3 



^2002-0095421 



A^joiiAi^ aim oixf y.-i ifi2} a jh&oiioii m\o\ ^msxiet sie 2x1 3i?i?i- 

Si 3tJSr 3^31- 3 3 old 3X1 2^ Si 2X| 4* Zlzz 3X|2| jwww 

lho] ^fi^e 3xioiiai£ o r *>:>rxi^ fi^ti^i ^§o[ci. ta^Ai n^^. e*gg ^ dsi^s 
:nxib 3xim *nsm:?i ?i°j mm ys^oi 2x1^- #^§21 ewmoi 

£ igs ^I^e oH^oPI SS^S/d. £ gJg2| =35 gif ^3. "2 m S^ISffl 

sg 0 | 3X|g iiii Xll^oPI ^ ^0|P. 

m ^go| ccq^ ah^^oi ?^o[2 s^ej 2x1 g mm^ ei *ii£ «i^6^i 

3J0IQ. 

6Pi mtme 5^0^ as xi ei #m ?rxib sxig m^mm hi sew: 

MX0 k ( 1 ) 

£PI ^0i|Ai £HJe| g^. SJi^ £S^. 13^ 14?| 30|^ S! 5|Sf? 0| 

5! ^01|A1 2^£lb 301£ ShU2| gj^Olia. £PI Xb £}±2\ 01 g iHi ^ ^£012. kb 

2 UIXI 42] g?|011 

a &±2\ Oig^^g ^ ?Jb S!±(X)S S^ftr £Hm: S! S*U£I ^^E| 

s ssmfe mmmm m\ s?woi m^\^ eai: 

g?\ SH^OH ifli IPimot iiHi 5gof^ cpi|: ^ 

^ ^go] 2xig ^^^e ssoii o^i m^i^ (i)2i s^m^ Hs^ejif s^^p- 

MX0 k ( 1 ) 

Aioj|Ai M8 13^ §!4t. 30|^^ gi Ol^oi 

2 2011X1 : %0\S. o\L}9] g a.0|^1. X^ a^2| 0| § 11] 1 ^ ^4:0|31. 

2 UiX| 42] g?|01| 

13^31 14^^ AHS^ I UPACOfl tthE ^^IM501|A1 Al g 5*1 of ^ gl^^^ SiM S«}6[ 

b 2|D|S|q. ^ ^S2i b^^|o| ±JA|0j|01|A]. MB Na. K. Mg . Ca . Sr. Ni . Co. Si. Ti . 8. 

Al. Sn. Mn. Cr. Fe. V. Zr EE^ 0|§2j 5»0|«. Xb P. S. W 5Eb 0|g2| 

^ gyM|A]0l|Ai X r^^h '£}±2\ 0|g ^^^Q'b 2|D|b HS^^I m^0||Ai2J 2iD| 

ofb £0|Q. 0111 §CH ^S^ei sf^OilAib X^f 4PH2| a ^2} l^oJb UH2J 0|g^^3J 3^H^ 

Bi! ^H0| §^£Jb oH^em. ^CH^I m^0J|A1^ S^2j U|£1XHm(clelocal ization) *j^2S °J 

ofOI XJ\ 1.25PH2] ai^s} l^ofb 21^^ oH^Q. 

^ ^SOllAi d)2| ^4: M2] ^MHOfl q^fOI 0.1 LHXI 15 H}^^6f 

^ilb 0.1 L4iX| 6 g^%2| oj2£ E^Hofb ^0| U\^*\o\Q. a^| (1) o| a^^ 0| 

§§tf ^[^^ &± X2J ^^aiqii LHofOI 0.1 U|X| 15 ^m. bf^o^lb 0.1 LUI 6 §^%2| o t 

^Ollb ^1M0||A12| 3^|SJ§|ah -a^^ gxn oj S 3 0 | ^H2£|X| PibQ- 

^ ^SOII/d SSX1£|#2J ^7)\\^ 0.01 UjXI 2w>9J 3J0| Hf^Aj^CH. 0.01 LHXI 1 wdPJ 210I q 
B|gS|8m. HS^BlS2| ^^IPf O.OlAan D|O}O|0 D|D|0(32 HS*HB|*2J ^M?\ 

^b s^oiib e^oi xim£ib esoi °jck 

^ ^soiixi a^x-iBitib mmm 01 aie ejq^Biioi^ m^^e.' s^oiib ^e§2j h^oh mxo, 
d))2i si on bis sjEisaioifi aagjinocOkfii m®mo\ m®o\o\ ngm mtimo\ 

0| ^PS21 H3^£|^^ UgAil ^§31 MX0 k 2| SlUfi ^?l Hg^ll Li. 

M'(M'b Els £|E|l*a|0|d S^lOilXi ^£H&! A! . Ni. Co. Mn. Cr . Fe. Mg. Sr. V. s|£f= a cr- 0 | 
§2] . M(MB °^^E| °i^cU 13^ Si. 14^ 20|^^. sJS^ ££b 0|§ 

21 S^). X(a^2| 0|gl© ^4:) ^ 0(a)^)s 

oiym ejEi^aioiAj mtfi2j hsoii ngn mmm si Mxo k 2i sumb ssxiEi#e §^ 

eib 3? £PI Xb ^e§y2] H0OIIA1 g^^rXI ^£ ^?bHl 7|£!Q. ^ M2| Xb ili ?J 
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AlPOkCkb 2 LHX| 4£j) SSxi£|§25 01 ^01 XI 2X|g &^§I0| XII ^E»q. 

S ^SOIIAl MXOk SUTMS fi^x-IBlEj^ §#§|Sfe £^ 2X|2J ^^^0| A|g§J ^ SiHBI . 2X|2J g j ^ 
SWS Si £^ SU^yCh } r «*}o| aj^/s^ (redox) g^gOl ?r^£! M§jO| 

b ^^§1 xu^Eixi am Ajg^^sm. oieisj g?ismai ^si/ss #uoiife q^oi^m 
aie-tfH st&ss msm ^ mils. 3^. ail us. sai ami. bis ej&iuaioi 

d Sr&l 101 2JQ. 

£?| £1^01^3} a|- e o^ 4 millSb qq H 

U0| ea|0|E. 0|#2^*KSn0 2 ) §01 2JQ. £PI = ^H£fe dig. EEfe q Efs §0| £|» 

3X|2j ? ; : -i WM^SAI g Li 2 S n (n£l). &?\ g SrtJl. Si ((C 2 S x ) n : x= 

2.5 LflX! 50. n>2) g0| 

bjm ei&isaioia Srties e^xh mh. aie °j&i^aioia mtrecqe bis «m 

U^IUOIH $\®W) §3f ^8 Els 0|£2J pj £^a|0| ElfiSH Old 0| ^gg. £| 

eioiioiEiH aEiaaioifl £i&m# sioiec*. 

£PI 9±XH ^g^b Bigg 9±. I§i ^fe 0|^2j gUii A r g^ 4* 2JQ. £PI H|§ 

§J OllSfe ^51 ?l£(soft carbon: Xi£ ±g SE^ o|E ?|£(hard carbon: 32€r ±g & 

^)0| 22^01. E^Sfe £2 ^2 ej ^20| SiQ. 

Big ojEi^aiOid sm^e Sic^BI^, ^!A^^ ?5§ Oi^ ofUi rp^g J\*\ 

Q. 

¥ ^S0i| A r §£l^ d|M oiEj^aiOld mtllS^ 2^ E]^ ^Sil S! Bis U 

^ ^^IMOIS m^M)0| Afgl ^ 21^01. 01 § br^^ OllSb SI^POI 2!Q: 



Li 




Li 




L' 


JftnzO^A (4) 


L 




L 


xCoi-yM'ACB) 


L 




L 


ixNi 1-^^2(8) 


L 




L 




L 


i.Ni^CoyM^Aadl) 


L 




L 


i i 1 _ y ^ z Mr< y M * 2 A a ( 1 3 ) 


L 





g?\ ^OilAi. 0.95 <x <1.K 0 <y <0.5. 0 <z <0.5. 0 < a<20|33. M Al. Ni . Cu. Mn. Cr. Fe. 
Mg. Sr. V §y 01^015! ^OIlAi ^&H£|fe ^0j£ o|M^ ^^0|D1. A^ 0. F. S SI PS 0|^ 

0|*l ^OilAi d^l£Jb ^CH£ 6rUS| ^^0|3. 8^ F. S °! PS 0|^0i2 ?0II>M iJ^£|^ ^Oii o[U2] 

^r^oiq. 

01 B|g gig 22||0|ti ar^m^J ^JS8 1 UiXI 20 m2\ ^0| Hr^^o^ 3 LHX| 15 m?} 31 0| q 

M ^ S Oil AH ^ ^M^2J fi^OII MXO k £| a^ee ^rX|^ H2^£j#0| ^^^iq. ^MS0| £ls 

016 3^011^ Li. M (M'^ diH ejEISraiOld m^lOllAi ^ai*] Al. H\. Co. Cr. Fe. Mg. 

S r< v. o]^^ Q± cc- 0 |g2J 5^). M(M° ^^£| 13^ 14^ §1^. 20| 

gjojwog Eg n,£(tap densi ty)?i ^§4^ 3X|2J g^0| g^l^q. HldfA] br^^lfl SX| 

g^m $\mM± mmmzi a ^ses ^aiij ^s^i &q. ^ hsx-iei#oi 

8 ^l^^j s^x-ieimxi ^M§oii Bimoi a qqbHq. oi>»e ^ ^S^i as 

^Sl^r ^MS^ §q x| &| Sr (compact i on) A| LI 31 M qqLHb 310|q. g g?g2] ^P^2J 

1 uixi 3 g/ccs ^x|£|Oj ^x|2j g^e e^!A|?jq. £ buf^e! ^Aioiioil q = 9 19 
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^ 2g/cc 0\^m UEfrfcHQ. 

m# 2X|g ^BB W^UOII £2*l!. U^q □! goH# U^ofOI X1I3S9 tii #3cilS 93*11011 

oh * &&Z\0\ fllSEgq. m ^so|| qq hs*|b|=! ^pus xj|£i> 21^21 ssxiqsixi 

&e xiisg b?i ^ms sq &2 ^ent- sbspii ^21 e^Aiy 

q. EoJ &2^§A| 7|^2J fi^^SJofXI &8 &§§o| g <=>0||b o^cj Xx|>H £j0 ^M^0| V\\ 

xi 3^o| g^&q. g gfgoil dcfe o| &2 5§§ 71*1 ^oiis 3^01 ^mxi 

o^q. S ^goj ^|§§J q s^^BI i§§ xl^moil ffi HS2J US aJlKlubr icati ng 

effect)! HI 51* 4= 

2X|2J (safety)Oll ggfg Dlx|2 7tS §2^ °}*\~ #2 #EH£| ^#§121 31 £3* 23H™2| «jg 

£0|q. £1§ oiEl^aiOld mtfeHj gJ^°J LiCo02 ^iif 011 M g0| ^So^, LiCoO^ a-NaFe0 2 =? 

PfXI^C-il #2A|01I2 Lh-*Cu0 2 £i ?5§ ?|X!ia. 4.93V 0|&°£ #2l> S^0H2 Li 0| &2SI XII >| 

3 ^]Amy El£J21 Cd 1 2 ?5| 7^q. £|g = ^ 3^ Li Si £01 Q MS! 

§hi ^EH^f £|di q siq. Licoo 2 5^mb 2XIM ^3 2?IS &#2& § 

¥ *J 2 £1 ~ Li^oOzCx^f 0.5 0|^)2| ?5f ?|X|£r geU2 M£J3o^| &H201I 2 X) LH^q 2^1- 

2^oh^ gtS*toi 2xi;n 4 oi- wi^q. nyHS &± 8£(^g jhai 2 

£)2j oimsi grgira 2*121 °>22t- uqm^ §2^ eixFq s 4 2m. cqqAi 2x121 yssoii g 

0|x| b °J Xf£J HfH-'q tj *j yg^^ DSC ( d i ff erent i al scanning cal orimeiry) # ft 

6f 01 qqq^ JHAi 2£2f ^112^1 4 2iQ. 

s ^moj MP0 k £HfiS SSSISIS ifi^ g^°J SBI MP0 k at£H0| ^fi 

^xilofOI DSC tt]3^f 7121 qqqxi ?t\=Q. W&M g I*S2j mm^S 71E^ H3x-idlo[X| s^s 

eeuoii m\o\ «^ ^§^01 i§6i 7H23 ^ioiq. 

m ^mo| MP0 k siuii stimb B^^ei§e 2x1. g^i^q sxi. 2X1. 3X| 

ixt sxi§ wmm. y^sxi. n i -mh (my s^mois^ois) 2x1. ^nn§ qn-^fsg 2x1. £i§ 
2 xl qe 012 2x1. £i§ #E|0i 2xi. q^-^m(suifur) 2x1 ^Jif 2xi 2x1^ £ 

^011 »gl 4 2jq. ^71 2 X| 2| n *} ^01S o^UOil ^1§1 4 2X|21 =? 

5b 01 ^0^011 U ^3X1 01IM ^CH £|§ 012 2X|21 III 5 . 753.387^011 £ 

AIE101 £iq. ^71 fiSx|q#e 7fXJb ^M^e ^71 2X|2J .-.|3[ s^H OLb: olU 01 

oixi ^^^^^ x(m^2| oi g 4 2ib s^efb mtJM# M(^^q 

13^ 14^ §J^. 201^^. oj£H ^4: E£b 01121 5^)^ 5&512 aHfi^j MOlUi ^ 

gA|?1 3^5H§ X||3S^q. S A}0lt>M 'Si!^|'8 &!^oh (suspension) g^t 2^-11 

^P^21 ^^2| Mi 7fX1^ ^ &q. 

o|§ ^tfg §£6^ gj^(X)M tf^o^ mtiesi §£Hb P0II goH £l S £|D1 Xj|^8 
0j,s sqi 0|g^^^ m&o\£ poj §° q^Sfe mO|HS2LIS^m|0|e((NH 4 ) 2 HP0 4 ). pa. 

h 3 po, . l i 3PO4 ^01 2iq. ^u^e xi »^oi^ m^^2i 0.01 mxi 30 ^mv xo\ 

BUJsimoi. 0.1 lhxi 20 §^%ei ^»o| q b^5|oiq. 

3g^J0l| AfgEl^ S4:(M)b 13^ ^A^ 20|^^. °l£ft &± 

SEb 01 #21 SSOia. 01 3^^^ § Al, Ni. Co. Zr. Mit. Cr. Fe. Mg. Sr. V. Zr £E^ 0| g2l 3S 

HO! 2 ^SOII bfr^o^l A[gl ^ 2iC|. 01 M Hlimb m^p2J gEHSc MOil goUEIb 

^0(3 o^q h[^5|o} oiisb ^2S. omimdS ^oi 2iq. oiq^ ^^q 

q 13^ 14^ 20|^^. °l£^ §14: S£b 0| §21 3S^# 5^6f^ aim? 3^1^ 

Oil 0.01 LHXI 30 gfJXe! ^0| df^^oJCH. 0.1 LHX| 20 ^0| q H^^oiq. 

^^|2| ^0| Xl| 5 £1 jgQHog ii^i 3^^q. 3|i ^§ ^21 ^goilOll ^§ g^2| ^M^' 

B^oJ ^ ?H5lb ij^^OII 215f0j 0|¥012Q- ^IP 0| ^OtOll ^^^o^ oj£j;q ot^ 

oi ^ 2ige l^oiq. 
oi2i ^oi ^-g^ e gxiqofoi Bit mtfM2i asoii s^xiq^e ^ixi^ iiif xiis^q. 

&?\ ^xiq 8£b ^ 100 LHXI 700-C. Hf^^lu^l^ 100 LHXI 500*0 01 3. gxiq AIZ18 1 UiX| 20 Aia 

oi ^[oi d^*ioiq. ^^i gxiq 8£U ai^i 51oiq2 S?Ioiiai gxiqms AiP0 k (k^ 2 lhxi 4°') 

aj^eOI LH^^ ^^£101 g^0[ 2j^8fb 2^1^01 ^71 gxiq 2 Oil 

b 5§i ^ ai^ ^ 9iq. ^ ^goiiAib ^l^ ^soii oimoi xt^oiiAi ^8 Aiej- gxiq^Hg 

geHOHb 32 ±3 £§01| 2|6 r 01 SXr^21 ^3 ^^01 ^SfOl SS# ^EA| ^A|S|010J 

61SQ- ^ ^g2J ggOllAib ±£ 2SE^I ^01 W^§2i21 gSOl 7i2| ^'OiUXI af222 ^ 

g§f ^A|^ ^fi^r 81Q. 

oiqoh gx-iq ^§1 eofoi fi^oii mx a. 21 m^lM s^ h mb 5^^q#oi s^^q. SEei 

£ib ^ wS oi Eli ejeiuaioid mneei s^oiib s^xiq^oii at eiq^aioi<y mtre^ Mxo k 
mo\ gmmo\ ^gi m^eoi Mxo k m^i^f *^i exh^p. 
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£ ^§2i ;,'.! •: mmmm s^m^ 3x121 xhseshs qg =^ ^susi oig me s^w ^ 

2ib SgS[£ S*Bg. Si S^q 3**. g*U2| . 13^ 14^ *j0| g^, °J oj 

£ff Ol^Oi^l ^OtlAi d^£J^ ^Oj£E 5H42| SSSfe ^llii MOil ^?W0j 

EPII: £PI Sg^OII #P§J # 3?W01 ^P§J m B3|: £PI ff|§ g*|q 

moi epi ^ (1)3 sewfe s^x^iii 

MX0 k ( 1 ) 

£PI 01! Ai M° S^. ^^£1 13^ gi, 14^ g±, 20|^ °! §l£^ gj 0| ^CH 

£! ^0i[Ai >j^£lb ^CH£ o\L\9] $\±0\H. £J\ #£21 0| § l£lg ^ 2!™ &±0\J1, k± 

2 LHX| 42| g?|0|| 2!s: £PI S0x-{B|*# ?|X|b # S^^fOif S^mOj 2X|g XllSmfe 

SI £PI S^Sfe *JXIM SgSf^ B3IS Sif^q. 

£ g*S01|Alb &?|21 i*g Xll£SS0l| tt[£| X||££! *)X|£ xil££>q. 

o| of s ^go| ai^xisi a|a|oii °j ainoiie ?IXH£!q. 3 em oPI goiife ^ ^g^j biu*i°i gj 

dig g M afgoi oPI ±JA|01|0|| £g£|fe 0[L| Q. 

(^A|0|| 1) 

1 g2J (NH 4 ) 2 HP0 4 21 1.5 g2| AI q0| MB|[0| e (AI (NOgh • 9H 2 0) g 100 m£2| ^0|| ™J\o\0\ Xll^olS 
a. 0| HH UlSiJ A IPO, #0| MMOIH *£HM 0| 2g°J| lOrr^Oil 2J30| 10/aOJ LiCo0 2 

20gM S?W0| Q§ 130*C0||A1 30^^ 2£ol«q. 400'C0|[A1 5A|£ l*iq 

eioi 30011 ai ju ps sem= nmn\ m®wi* AiPo k 5[n§§ seret^ H3*iei#oi # ■■ mm 

§!g *ll3Eoi2q. oi [in Aim P2J Wliioil ctloioi I ^#E|&q. 

xiizs^ ft ■; ^is . p(sesxii). si Mquiyqcy p^sqoiECHfoiq) s 94/3/321 g^di^ et^si- 

Oi • gMH^ Stmb ^£l£ie Xll3S6f«q. Xll^si 01 .* ff^f 5^ h o^ ^ 300/flB ^ 

AI-5^ 9|0H q§ 130'COIIAi 20^^ ^ Ig2j ^^H^ ^SjofOI 32" *U| £ v'j •! 

^l^o^sq. 01 ^e^l eie ch^o^ A^moi 301 Ei£j2j y« 3x11 xiissisq. 01 

?1 gaH£ 31 ^ Aigmsq. 

C ^ A| 011 2) 

^JA|0|| 12| m%<^ 15m£0|| ojg 0 | 10^o| LiCo0 2 20gg ^7}ol0j X||2|SH2 ^A|01| 131 

sojSh 3 o| ElEJoj b|S £ixie «!251«q- 0IIIH21 AI JH P2J ^ MS Oil Qlo^OI 1.5 § 

^%oiaq. 

(^A|01) 3) 

^AlOII 12] S^^ij 20m£0|| §2 ^13 0| 10/a^l LiCo0 2 20g§ ^7^|01 «|21of^3 ^A|0j| 131 

s^sh 3 oj qojoj xii^maq. 01 an 21 ai m P21 ^^goii qmoi 2 

oisiq. 

(fl/1011 4) 

^JAIOII 12| 10m£0i| 2J30I 5^2J LiCo0 2 20g# ^7|e|0j S^E! XI 1 2| 6 1 III ^ A|01| 1 

51 H o l a2£ Me] q?J21 2XIM XJ|3&mSq. 0|(lli21 AI31 P2| ^M§J0i| Clio [01 1 g 

^%oiaq. 

(£A|0l! 5) 

^xH£| A!Z!# lOAl^og 511 Xl| 21 o| 2 ^A|01| 131 ^Sl^ y J^^ 32] q^^l EL^ 3X|# 

xnsmsq. 

(^AjOll 6) 

5§i 500-C01IA1 5A1ZI ^A|oj ^ ^|2|o^ £J\ ^A| 01| 131 q?J21 

2x1s xiissisq. 

(^A|01| 7) 

«xiq 500-C01IA1 10AIZI 4'A|oj «|21ol3 ^7| ^A|0|| 131 ^^H^ q^j21 "I 

^ 3 xii xii^oisq. 

(^A|0|| 8) 

£?\ ^A|01| 121 20m£01| 15 gJS0| 5/aOj LiCoO? 20g# ^7|o|01 3^o|H. gx^e] §S§ 400"C 

01IA1 10AIZ! ^2} ^ A| o> >}| ^|2Jol^l ^7 1 ^ AJ 011 131 5°] q^J21 5jX|^ 

msq. 0|tin AI31 P2j ^M^oil CHmoi 2 ^^£12iq. 

(6JAI0II 9) 

^A|0|| 1 0il AH XII ^o] ^goH l5m£M AlgofOl S^^JSOI 10^o] LiCo0 2 20gM 3|o[2. S*|B1 g§§ 
400'C0||A1 10AIZ! §y ^A|^ 2# X1|2|o^ ^7| ^A|0l| 13} ^iJ£! q^'21 gx|# 

xiismsq. oidH Ai3i P2i ^e^oii cHoioi 1.5 ^si&q. 
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(*JA|0i| 10) 

LiCo0 2 did 13wiO| UUu&m 21 X\2\*\H £PI 4!A| 01} 12} =gj°J a o] £} 

ojoj b|5 2^11- XII2£StSQ. 

(£A|0l! 11) 

LiCo0 2 CHAI g£°)30| 13wdO| LiNio.gCoo.^ro.ocgO^ A[g£t >[§ ^A|0}| 13} ^ 
(^Aldl 12) 

LiCo0 2 Old g^ojgOl 10/anO] I iNi 0 .8^ 0 . 2 0 2 M Al^ofl) 400'C0||A1 10A|?> g x] E| ^ X||£|oHa^ &?| 
(±JA|0|| 13) 

LiCo0 2 Cfl£l g^ojgoi 10/a»°J UNio^W^S LiNi 0 .B^ 0 . 2 0 2 20gg gA|0il 10||A| Sg^H 20m*o^ 

* 400*C01|A1 1 0A) Z! gx|£|^ XJ|2|oHU^=r ^| ±JA|0|| 1JU §iJ^ Ef°j2| y 

^ 2 x1s xiismsp. 

(2AI0II 14) 

UCo0 2 CHd 15?JS0| 13//n°l L i 1.03N io.aMno.i^Oo.iAlo.orMoo.oAS Afgo] ^l£iof^b £PI £A|0l| 131 

(^AlOll 15) 

^aioii ioiiai mis© y ■> . ^ni p(5es«i). si MBjyiyeja! ^¥££}ois(uf°jc-i)i m/2/29] § 
^bis stwoi ^ysie xiis© ^ ^aioii 121 §sj°> °o^2£ xnsmsQ. 

tfis a! utgjqs sauiyeigi s^sbioiem 90/102] g^ois ^tjotoi ^1 

§j xiismoi cu-s^oii 3H^gmoi aissmaci. & : ^#3i ^ ^§ 01 

gt>\0\ 930raAh 2,^ B|§ 0|£ 3X|(full eel l)g XHSmSQ. 0|0H . 35Hg^^ 0||g3! ^SUI0|e(EC) 
2[ QDll^ ^fiU|0|e(DMC)§ 1:1 ^EJd|S £t*°> 1DH0II 1MLiPF B ^[ §oH£ >tg AffofSQ. 

(tfA|OI| 16) 

^A|01| 12] M^^ij 20m£01| £2 *2 20gl XI|£|oHQ #7| ^A|0j| Of #£!© «^o^ 3 oj 

qojoj «j= *txit x^sfsq. oihh aijii- P21 mmmm m\o\ 2 t^ti&q. 

(*|A|0l| 17) 

£A|0l| 12] 20m£01| Sr>0 2 20gM S^B 31 M ^^1 ^A|0j| 1^ §^H! 3 

o| E^oj2| bis jjxie Xil^mSP- OlttH P£j ^MSOII CHofOl 2 

(^AIOII 18) 

^A|01| 12| 2^ 20m£01| ^IH ^£|^(Si) 20gg %m Xl|2|©^ ^^1 ^A|01| IHh gfgo 

S 32] E}£J2J y» XilimSq. OlttH Al^ P2] ^MSOll Q\o\0\ 2 S^5EJ«Cf. 

(HIH0II 1) 

o*r> ii^g S^oj^OI 10^nOI LiCo02g AfgSfOI ^A|01| 13J ^SJoh S£j Ef^J 2 
(bUdl 2) 

?J=> iISS S^^ISOI 5 ad 2J LiCo0 2 e timo\0\ g?\ ^A|01| 1JU £§J£J H JS2£ 5£] qgj 3 
(UI30II 3) 

Al UO|ea|0|E(AI(N03) 3 9H 2 0)e ^J\o\X\ ?1B ^% 2^22 A^ofOI S3 0j| P 2 0 5 J\ 3H£J WMQ 

m Am©*!! ^ ai on mf §^ §h =)oi qoj^ ujs xiismaQ. 

(BIIS0II 4) 

ifiS S5^I30| 13/onOi LiMii 2 0 4 l AfgofOI ^0| ^A|0l| 13[ ^^'^ «^o^ S oj q^J «j» 2 

x| it xiismsq. 

(UIH01I 5) 

»\r\ S^^JSOI lO^oi LiNi 0 .BM«o. 2 0 2 # AfgSfOI ^A|0}| 1^ a»^o^ ^oj qoj 

2xii xiismsp. 

(HI B01I 6) 

iii ^ S52JS0I 13wdO| LiHio.gCoo.iSfo.ooA^ AF^SiOj ^71 ^A|01| 13} ^og S oi 

EtEJ 3X11 Xlissmsq. 
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(H| JSOII 7) 

2l-i mmM^. S32J30I 13/anoi Li i.asNio.B8^o.igCoo.iAl 0 .oiMg 0 .or%ff M£*\0\ 4PI ^A|OI| 13* ^£J°J gf 
^2 3°J Ejoj ors gxiS *U3SB[°iCh 

£JA|01| 121 qoj yffi 2XJ0II CHSm 4.3V-2.75V2J 2£J g°|0j|Al 0 2 c. 0.5C ^' 1C^ §^3§ 4' 

3 ^5IM £ 1011 UE}LH£CK HIBl ^lofOj H| H0|| 121 2X|01| CH^ EM £A|of 

«q. £ ioiiai ui£r ^01 Hinoii 121 2*lb :ng(ic)oiiAi 5^1 s^oi x-i#(0.2C §y 0.50011 uim 

01 ^3o| Xi6i£lU. ^A|011 12] 2X|b JL^QWMS. 27 1 ggO| 152mAh/g § £^ H|$m §£2] 

^A|0|| 12f dUOll 12J 2X1011 CHo r OJ 4.3V-2.75V2J 2& £?|0I|A1 1C^ #^2# 4!A|o r 0| A\0\ M0l| Of 
^ ^§^[01 £ 2011 £A|o[2C}- ^A|0|| 18 305J2J #«J2 A10|t0||Al£ ^71 £i*2J 99% 0\gm 

^X(*m ^2)^ 4 3314 UinOil 12] 2X|b 30t| AfOllCHIAI g§*0| ^ 

&q. SE°* ^AIOII 1£| 1^ «>2 2&£Hri A^OIM 2^0|| qq 7121 £*>0| H|30l| 12| 

2X|^ A r 0ll0| 2^^011 qq ^2 3 ^CH^h ^±£|2JQ. 

^A|01| 52| 2X1011 ^^01 4.3V-2.75V2J 2& 2?I01|A1 0.2C. 0.5C. ^ 1C0||Ai21 #^2 §^1 £ 3a0ll 
£A|61SP. £ 3a21 ^Hl^ #*>2 XH^2# ^^171 ?im01 ^A|011 52] £ ^ g^D CH 

^(1 .5kg batch size) tf^§^ °* 302H21 2X|# XII £5^01 #^2 ^2 S S^of^Q 0|g21 §5*11 
£A|oh £0|q. £ 3b^ £ 3a 1 £>CH^ ££0|q. £ 3a0j|Ai 1C01IA1 27|g^0l 150-152 mAh/gO|S3 
^ 3.91 Xje(0.2C)0||Ai2| ^SP- 1^|X| ^0|§) ICOil Ai A r 0|l0| 

2^U^ ^2^0! 0.2C01IA-121 «r2^£]0]| eSolOl eiP^ A r £J0|£iq. ?5 g**}™9.^. A\0\m 

2^011 qq UE[Ub U1¥ Xi^Klnternal Res i stance) 2| o]g] ^2 §ifq XjoPi >}2| &q^ 31 

01 q. 

^A|0I| 221 2X|0|| m\0\ 4.3V-2.75V21 2^T S?101|A1 0.2C, 0.5C. ^1 ICOllAi 40^1 §^21 §^2 

e £ 4011 £A|m$q. £ 401|A1£ AmiMOl 2^1^^ 1C01IA12J §5 2^CH7^ 0.2C01|Ai2| 2^Ui 

Oil e^oH^M ^ ^ 2iq. ^ A101I 1221 2X1011 U\o\0\ 0.2C. 0.5C. ^ 1C0||Ai 30 SI §^2J ^»>2 

M £ 5 on £Aim«q. £ 5^^ei #^2 Aioi-ioi 2^1^^ 2^ui^i ^ 

2iq. 0|£1^ A^e ^ ^§21 S^xH£|?l LiCu0 2 ^ 0\U^\ LiNi 0 .e^o. 2 0 2 2J S-?-0i|£ 2X| ^ %* 

4 22 qb Al^e aoib ^oiq. 

£ 1. £ 3a. £ 4 £J £ 501| £A[3 §£]o!£ C|§H} ^q. 



C-rate011 ttlE ^3I^(E!?|: mAh/g) 



C-rate 


binoii 1 


^A|0i| 1 


^A|0|| 2 


±JA|0!| 5 


4'AIOll 12 


0.2C 


154 


159 


159 


161 


170 


0.5C 


151 


156 


156 


159 


161 


1C 


143 


152 


152 


152 


146 



±£££21 ±£A|Z!0J1 qe 2^im^ h ^ £J\?>\J\ $\o\0\ ^ Ai Oil 5 L4iX| 721 2X|Oj| C\\o\0\ 

4.3V-2.75V21 2^ ^o|0||Al 1C^ #^2# ^A|o[01 H £ 6011 £A|mSq. ^ ^§2| ^x1£| 

2^21 AlZ! ^^UloilAi g^dja v;',: -; o)g^ 2X|^ £^ 7iE2i LiCu0 2 (u|uoii Dfiq 

HU0\\MS\ m%o\ #9.^ qq^q. 

^AIOII 13f HIH01I 12| 2X|01| Cflot 01 4.3V-2.75V21 g?|CH2 4.6V-2.75V2J 2^ ^?|01|Ai 0.2C, 0.5C 
□! 1CS ^AlolOt H £ 7 Oil £A|aiSQ. £ 7 Oil £A|£| H121 ^0| UIIHOII 1£ ^2^ 

^J\m^^ ^3 ^^01 5^01 xid\m Ofqq 2x121 ^3 ^^01 ^oisii ^ h ^ 2iq. se 

Sh 1C0HA12J g^£ 30 A10IM ^ 2^1 g^Oll q^OI 70% 0|o[^ ^±£ISq. 01 Oil UimOl ^ Al Oil 121 
2X1^ 51#2 £EHOI|A-i£ C-rate ^22 ?l ^1 ^£011 ^ 01 AI HI HI 01 1 Ifiq 1 

^Hd£l2iq. 

^A|0|| IBr HIBOll 121 £)X|01| C41o r Ol il#2 4.95VS ^^6[01 0.2C. 0.5C ^ f^Si ^Al 

oh q§ ^2 msm EJ\o\™Q. o. imi £ 80ti qquisq. uinoii 121 2x1b 4.95v^ #2^ S 

¥ ^2 0| £1X| SfOh S^l^r M^l^lSiq. 2B1L| ^AIOII 121 2X|^ 4.6V 4^321 go^ Dl^^^l^ 

^2 mgm asq. 

A^ioiiAi hi 21 ^ ^goii q^ m^m 1- s^rmb 3x121 2^1^^^ ^^oi ^ 
e bis eiq^aioid mni2i h^oii ai^ pi suoi^ mmm ^ Aipojk^ 2 lhxi 4) 

m^MOl E\E 0|£2J 2££1 ^£A|?1Q1 . 2^0||A12J ^±A|?PI dH^oiq. 

s Bhgo| sgx-l£l§0| 2XI2J £^0|| U\X\^ S31# ^e.lo^7! ^o r 01 S0OI1 AI P# S^o r b Hl^^l 

m®m A!Po k (k^ 2 mxi 4) trtme si^or^ hs^£i#oi mmm^ ^ai 011 121 2x1 

2| p 2 0 5 #0| ^£E! ^iii 5|^tb HI 20i| 321 2X|0I| CHolOl 1C01IA121 ^^rolOj £ 9011 

£A|orSq. ^S^^B C-rateg 0.2CG\\M 0.5C. 1C^ ^mA|?|^A] ^§5l«q. £ 90i|A1 Bf21 
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l=h0| H| IU01I 32] £X|b ^9 ^gO| AIOI^OI £!^gO!| qq ^ o| ^ioH4 £JA|0|| 12| *JX|b A|0|M 

0| *}£!E|Ot£ £S>| gifoi ^Aitj^q. 

*JA|0|| 150IIA1 gA|OI| 12| ^MgJg S^o|^ 930mAh Zfg E|g 0(£ SA|0|| 0{olO| 4.2V LH X| 

2.75V2I £°J- ^^I0||A1 0.5C. 1C ^ 2C2J ^2^£0J|Ai2| *j & £ 10CHJ £A|o r £q. £ 10011 

Ai H r 2f ^01 2C0i|Ai2| ^Sg^OI 0.5C01|A|2| ^Sg^Oil CHolOI 95% OI^H^ #X|£|&q. CQ^Ai 

£ g*gO|| qq Xj|££ ^eHM StJorb Sis 0|£ *]X|£ «H= 3A|0i|A12f ^0| 3X| 2^0| 

* ^goii trie ^en^ ^^^£i b^ii ^o^^i ^mcx ^ ai on i3i Hiiaoii i cmiai xii£°! ?> 

:■>, 4x4cof2J Ph WMi/21 ©J# 2H^o}«q. H 334 ^A|01| 1£| 3*?^ 150mgO| 

210L4 H|H)Oj| 12] go^ i20ng2J 3^ UE}^q. |3gJ£. °! ^SolOl or? I 2 2 

Oil UEim^Q. *PI S 20IIA1 U|2[ ^01 OIBOII 1SQ ^A|0|| 1 2J =fi °}£21 ^^£^1 332 0|01| 





(g/caf) 


(g/cc) 


0.2C g§J 
(mAh/g) 


0.5C glf 
(mAh/g) 


/HI 

(mAh) 


^AIOII 1 


3.79 


2.5 


160 


150 


24 


H| 3011 1 


3.42 


2.1 


160 


143 


19.2 



0|S|OI|A1b 0|£j^ H0*|B|#2| =?ZS21 3 gOII Q°\0\ ^S^q. 

£ ^321 ^aioii 1011 tciq xu3S9 e eie smeq ssoii a i m ?m sewfe ng^i situ SI 

AIP0 k (k^ 2 LHXI 4) IHlii S^ofb H0^£|§§ ?l*!Cr- 0|q£! HSxiB|#2] S*?jm?l ^B| 

01 STEM(Scanni ng Transmission Electron Microscopy)! 0|go r 01 g^§! # IBt! ¥ 2£^q £ 
^(elemental mapping) e ^ l A|of«q. D. §141 Sc. 11a Ui X| 1 1 eOJI £A|o r «q. £ 11ab ^£rS! HH 
(bright f ield)0||A121 STEM Al5jO|3. 11b U|X| 11eb *rBJI£ Co. Al . P SI 02] £5M ££l STEM 

ArSOiq. 11b LHXI 1le0l|Ai H r 21 2*0| Co. Al . P SI 071 H0O||A| LH^ H^^l ^5^# ^ 

^ 2iq. 01^ HSOII Hgxil S! AIPO k (k^ 2 LHX| 4gj) s\^M0\ g^EIS^e SOI^^ 

aiaioii 1011 qei xii3S9 ^e^si fi^oii S0^ei#2i ^^ei^l ^imoi s^ioi 

?|(Auger Spectroscopy) § Al^olOj Al . 0. Co. SI PH ^1 ^AjSlSQ- H^0||A1 LH¥^ ^ 380A7?! 
X| 2£ ^^Ht £ 12011 UEllH&q. £ 12011 £A|g H r 21 ^0| SSOllAi °f 230A §£21 ?«0|7?r 

X| Al JU PI 2tJSri= 7^X1^ HgjiJI S! AIP0,(k^ 2 UjX| 4gj) ^^0| ^^£13 H 

Co0 2 (Li lnc Co0 2 0||Al x 2I0| 0.50l^o] go );[ & ^ £iq. 

ojX| 2^1121 ^51 ^01^71 ?im01 ^ A|0{| 10IIA1 X||S@ ^jX|21 Bpjs ^?H(|ine 

scanning)o|01 Co. Al . g! P21 EPMA(E lect ron Probe Micro Analysis) M^lit ^AlolSq. 0| ^31M £ 
13a2r £ 13b0!| qEim^q. £ 13b0i| H|£l ^0| H^0||A| \fm 0|ol01|AlEI A!3| P?l ^ei£l2lCl. 

01 ^q ^ ^S2J H3x1cl|#e Ol^b Al ^ ?m S^olb 31^1 mt^MBr AIPO k (k^ 2 LHX| 4)71 

i!2i ^^(buik) lhs ^^e]xi e^siee t*°im ^ 9iQ- 

s ^go| Aj A!0 j| io||A| X||^S| 21 50^£|#1 OI¥b Al Bl PH S^orb S! 

AIP0k(k^ 2 LHXI 4)21 X-*1 S5jXf ^S(X-ray photoel ect ron spectroscopy: XPS) g^l ^21S £ 14011 
£A|S|£C|- £ 141 S3 P21 02| E]3 ^|x|71 P2O52I ?|x|21 7|21 ^£1^ ^ 2iq. 0|£|^ § 

JUb 31^1 mile S! AiPO k Soil p=02| o|§ §^oi ^xn^q^ qquib ^oiq. iau 

M ^goj sltH^l AIPO k (k^ 2 LHXI 4^) SlU^e P A Sltf^^b P§ S^lSf^^l ^12 

q. 011 s §oi 2£oii p 2 057| ^M^e stjm= hi moil 321 sxi^ aioi^ 2^011 caei 2§(1C) 

0||A|21 g^0| ^36| ^^olU ^ ^S2J 2g^j| mtJl-^ AIP0k(kb 2 U|X| 4^) 5l^M0| H^OII 
£1 ^MSg S^SIb ^ Al Oil 12J 5|X|b 31#0||A|£ Xi^OIIAISI A|0|1 gi* ^^Hl §3 

UEltHq(£ 9). 0|^ ^A|0|| 121 Hgxll mill S! AIP0 k Sl^^Oiq P 2 0 5 mt!^ £^ 5^011 0| 

§ £?J6P|^ 61X1 °i Big 0[£2] 0|g£0|| D|x|b S^oi q^7| (LH^Oiq. ^ ^ ^S^l 0| g 

^tm 7ixib ^e^ii mm- si aipo, m®me q^ 01^21 oi^£i H8i=?ii sioi 2^01^21 

S ggo| H3x-|q#0|| ^XHSfb AIPO, BJf 0IE2I 0| ^£0|| 0|x|b St,^ ^01M7l ?|S[01 Al 

OlM^l pqSH^Ccycl ic voltammogram)o^ £>m EI3M ^SJ^rSQ- 0 1 13 Oil 1 SI ^ Al Oil 521 *j 

XI CHI CHolOI SIM 71^ ^(reference electrode) o[2 3V U1X| 4.4V2] 2^ ^?I0I|A1 

0.02mV/sec2| ^£S r^ofOI AlOIM^I §^53^1 2434 £ 15a2l £ 15b0j| £A|51SQ- M0\ 

3& §qH3|^2| MS} S}gJ E|32l H| LI 01| 1 CHI H|o|01 15M ^iolSQ- OI^IB 3X| «!g^£7| 

^^£131 £|§ Ol^oj o|§£7| 22^ £| #011 21ol01 ^il^si 21D|ofb ^10|q. 

^ ^goj 2 gxl| m^l SI AIPO, SltJMOl 23011 .>?...; ^e§0||Al BJ| Ol^oj 0 |^£71 ^^ol 
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d = Af^'e 3s 0|^2J £>M ^[^(diffusi on coef f i ci ent) 1 ^§6|01 orSd. 0| £41 £ 1B0j| 

qqm&Q- £ i6oiiAi ^ gjgoii gAioii 55j aiM oi82j s$d ^I4?i uiaoii 1M 5HH §£ q 

£m £ I5a21 A[0I1^| l£}S1^2g^E-1 013011 18 °* 4. 1-4. 25V ¥^01|Ai A r 3fe h (hexagona I ) ? 
20i|Aj HitlBIM(monoclinic) £S0| (phase t rans i t i on) £| 3 QA| ^A[3^ ?2S5 &30P1 g| 

CH^M# ^ oiQ- 01 CH! gA|0|| 521 AfOIM^I ME}£3^(£ 15b) 8 0|£ig» g£jO|£ «£|fe 

E|3^0| M»| ArSlS^- 

£ -i g^U0| A r 0|^<N MEISH^OIIAI ^SOIOil 2|B >[og HJ31 £0|X| gjfc 3 

8 #sai ^masroii s s^s c ^ si oi^ m\ hhsoiq. ^ aioii_ 5^ hi mi 121 

3X1011 mm 01 4.6V01lAt 4.25V2J 2^ g 3 0114 f^i ^A|6101 0|(Q|°| 2*X1 ^(a ^ ^ c §0 
1 0| £41 £ 17a2F £ 17bCHI UEfLHSJCK U| J20II 12| #^3A| 4.1-4.25V0II 

Ai ^A13^(H)^££Mai^(M)^*iA13y(H)21 ^?3S gSPl iJOiyCl. C^0||A12J ^X[ g^SI g§l 

71 a#01|A-iMQ 1*! &o\J\\ UE|yq. 0121 1*8 £01 (an i sotrop i c) =£^4 u £%0\ e»g &7\\ 

0 2%m 24 1* S^Olib XhOll D|Ai|3^(micro-crack)0| i^moj H141 ?ixm ggOl XJSlElfe 

£31! £01 &C|. £ !7aCHl £A|=! B\9\ «0| UII30II 18 c^OIIAl ™ 1% 0|^2J ^4 998 o\0\ <&X\ 
Oil D|AI1 3^01 U*HE|3 0|£ °Jof01 g^Ol ^3o| ^^if gh 4 1 Si £ 7 . 0| CHI H| 

olOl AJA10I1 591 *jX|8 c^2J 3X1 £4*2| gaPl ©jXiSI iJ±El3(E 16a). OIS ©16101 gg£ ^461 
311 HX|E12Q(£ 1. £ 7. SI £ 8 . 

S US Oil C^g £A|0|| 5 §y HIBOII 1011 C£|£| HISS £ i §1§!2| pjgg* ^§oPl ?I«K>1 Q§ 

4 ^01 OSC ^AimSQ- £!A|01| 5 §y BIBOII 121 3°j £!X|1 4.3V1 ^XJ 2^^^ §101 ^Sof 

«C|. ^OilAl Al-SgJ 91011 £S£|CH 2i9 ^ 10 nig S£ xH^ofOI ^¥DIh 

5H0i| 2>2S| Q£ 910 OSC(TA Instrument Al «|§)1 0|go r 01 DSC 1 ^'A|olSP. OSC ^8 

g^| ^?PlolOi|Al 100~300-CA r 0|2i 8£S?|0||At 3r/min2i ^8 ^5H^ 6101 ^A|61SP- D. § 

41 £ 18011 £A|6rSC|- 

£ 18011 Al UII20II HS0*lB|SrX| ^8 LiCo0 2 )8 ^ 180-220'C^ S?|0!|A1 e UEfUlSHQ. 
Ol^!8 #2^1 Lii-^CoQzSj Cu-0 gt}0| aftJH^/H 0 2 ^r ^§HB r Ol ^^o r D1. ^oH£! Oz^r 35H^2| «iesiOl 
^ |J 5011 50|q. 01 £1^ ^&8 SXI21 yxj^# Xio r A1?lfe QojOl £Q. 3^ 

U ^A|Oj! 521 S^0||^ Ul^l &3o| A r £rSe S> 4 0|^ ^A|01| 52J ^g^0| 1^1 U± 

s§ S oi^ 50| oisjw ^aioii 52j eiS^oi hi noil isq H^ei ^eiq^ 5§ ^ 4 21 

i^8££r ^^AieiOll q^ ^§^1 E?\o\J\ ^o\0\ ^A| Oil 63| 72j SX|01| CHoHA1£ 4.3V #SAJ 

2| DSCM ^SolOl D. mi\m £ 19011 £A|o r «P- ^ 5| S S^(0CV)8 4.295V 0|^o^ 

^XlS^Cr- £ 1 9011 AH Hr2r &0| ^A|01| 64 7£ ^A|0|| 52[ D^^WS ^ M 



^ At Oil 14 82J 2XIS 4.6VS 4#3^ ? 1^ ^1 4.3V #£U|21 «f9 o S %J\%\0\ 

2*2* £ 204 £ 21011 UE[LH2iP. £ 204 £ 2101IA1 Bf21 ^01 4.3V g*jA|2} D1*^1X|£ 4.6V 4 

S^01|£ 7121 5iAj0|| 3r^l8 ^^E131 ££Q. 0121 ^8 ^ ^§21 \'J ^#^2] 

LiCo0 2 b 4.93V 01^ 4#3ol0 UJr EXHSrXI Cdl 2 q^j2j «|A12^ ?3S?1 SQ. 0| ^1§ 

«o^s| Ahqjg ^2801|A1 2oH^4 &!^moi ^^71 Clg ^^!^q. ^AlOll 82] 2XIS 5V^ 4#3e! 

* 4 3V #SA|2f y 0 ^°£ DSC ^SolOj 3 £41 ^ £ 22011 £A|olSQ • ^A|01| 14 ^A|0|| 

92J S x| OH C«oHAi£ DSC ^§o!01 3 £41 £ 23011 £A|o r SQ. £ 222r £ 23011 £A|£ U\9* ^0| fi 
2x-JB16 r X| ?^8 LiCo0 2 l Algoh b|B01| 1 ^ 22] ^Xlb 5VS 4#2Slb §ll!2l ^HA| 8£ 

(T s )71 ^So| ^OfXIIl. ^gll|3£ C112S STB1S°D1. ^g^£ ^ UElbiQ. 

^ ^soii ca^i hsoii 3gxii smini Aipo k (k^ 2 lhxi 4g!) mweoi g^s ?i } , mmmm s^i^ 

ajaIOII 1 8 °! 92J 2XI1 5V 4#2Hl ? £8 ^iin 4.3VU 4.6VOi|Al^b §S| Hi 31 S0|7| 

b 5[22U, 3 ;HA|8£^1 ^ 235 *C OI^HS 3|^2| S^x^o|X| S^8 UCoO^ ^« ;HA| 8£ 

ad a» 40 *c oi^ ^^siSQ. £ 23011 uqt« uf2r ^oi s ^soii qai s^xiejsi LiCoQzC^aioii i 
§y 9)^ H0xi£i oixi e^8 LiCo0 2 (bi3oii i si oiisoii 2)sq g^ ei§^i esci. £^ 

21 £|g 01x1 2X|21 ?>:r> m^m^ Alg£13 2»8 Bis ^^Ji ^ §^ 2}S^1 71X|^ 

Li^ 2 0 4 (b|301l 4)SQ£ q ><e ^21^ 4 21C|. 

±jaio!i 102J '/} mmm ^ mnoii 421 n #e^(s2xieio r xi e^8 11^204)011 mmoi g^j eis^e 

£7\o\?\ ^o\0\ LiCo0 2 2[ ^2£ DSC ^§o|01 3 £41 £ 24011 £A|of«q. S0xieiu r X! 

are LiMn^b ?j-A tin ?is asi ^s^oi ^gxi 2i2u s wsoii cciai AiPo k s 

^x1El#0| ^P^2i ^g^oi liy ^8 5^S^q S^xlSlOil 2Jol01 g^l £3301 ilol 

^ A| Oil 122r 1321 ?j ,,; °j b|201| 521 *?J ^ SsS (SS^B|«1X| ?*^8 L iNi 0 .^n 0 .A)OII t!H6 r 01 g 

3 £§2# S7rS r 01 3 £41 £ 25011 £A|6rSQ. 4 l A|011 12. ^ A|0j| 13 % «I301| 521 2X|1 4.6V 
^ 4#xi^ q§ ^£hf| ^£|e^ Al-Sg ^|01| £S£101 2i9 ^l^SiM ^ 10mg S£ *H£I6101 ^¥D| 
- ahs ?H0|| 2>2 6| 910 DSC(TA I nst rument A r Xj|g)l 0|gB101 DSC ^A|612q. 

DSC ^8 £J\ ^PISrOllAt 100~300*CA r O|21 8£S?I011A1 3"C/min2| ^8 ^^H^BIOI ^ A|61 

«q. £ 25011 £A|£l B121 U0| 50x^|£| ^A|0|| 1221 13011 U\E LiNio.flMno.2O2 SSQS1 ^1^8 53 
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*j£|o|X| H| HOI! 52J ^ggaq 2f 1/30S £±E|£Q. U-\^M Ljaj ^31 g^S2| 3 

hisoii ueEHSj aaaieiwq &s LiCoCfe). uiaoii 4(§£H2j hs*ibisixi as limmw. ^iaioii i. 8. 

51 9d|Ai *H£S! P.!-"! ^§11 StJof^ 930mAh 2^ B|l 0]£ 2X| 20PH0II CHo|01 W±m. ^ 2| 

#3 A|g# t>\™Q. 0\y\0\\M 2J§ £Js 0|£ 31!^ £JA| 0j| 150||Am XHSmSP- 3 

4:A|^e Hi MS 2 ^gofrOI m^ie ^l^o^S^l. gkt Ai^8 150'C01|Ai SXIM'gkgAI 

u 3? 3*i?f Aieie ^6f«2. ^#3 Ai^e 2xie ics saisi 

«q. n gats opi 5 3oii ^iwimap. 



3 J 





B| HOII 1 


uiiaoii 4 


£JA|0l| 1 


^A|0|| 8 


±JA|0t| 9 


(2 ^A| IIFSM) 


100% 


50% 


0% 


0% 


0% 


A|« 

(§in#A| £X|2j g£ 

@ A| Z.0 


5£ 


20^ 


90 M 


95^ 


95^ 


J2}#2A|ii 

(1C V^M) 


90% 


30% 


0% 


0% 


0% 



g?\ £A|0|| 1. 8 SJ 9 S! H|]20|| 13f 42J j?J ^ I^Ht 5^§[^ 930mAh £|f§ 0| £ gx|0l| CHmOl 

2 ^ = g0||Ai AjS. q§ C-rate, 1C. 2C SI 3C01I Aj 2J S^lb St? I S 40il ^ I XH &' b|2J 

^q. spi gajfe s^hsj 3 oil mmoi 30|Q. 



[M 4 J 





Biiaoii 1 


H| IS0II 4 


^AIOII 1 


2AI0II 8 


±JA|01| 9 


IC 


5L0 


5L0 


5L0 


5L0 


5L0 


2C 


5L5 


5L5 


3L0. 2L4 


3L0. 2L4 


3L0. 2L4 


3C 


5L5 


5L5 


413. 1L4 


4L3. 1L4 


4L3. 1L4 



1. L £0|| 2!~r E4|^M *J2J 4 s ! 2|D|£>P. 

2. 212 £ Q§4 UQ: 

(LO: ojS. L1: L2: g£f. L2: ££. L3: opi. L4: gf£K L5: Wg) 

AJA|01| 152J 2|S OIS 2 X| Oil CUmOl §32^1 12VZ?|X| ^gA|| *)X|2] s £ g ^§o|01 £ 

260II £A|ofSQ- 2X|^ J^#2A| §32^1 OVS gOi££2J0 2X1?! E} g £J 0 Ai £ 

£?\ S Oil CUE ^A|0|| 152j 2Xlb £ 26011 Aj £^ ^0| # 

32&01 i2v oil ai ov^ loixiqais 3X|2j ^es^i e* h Ml- ^ ^ 2!Cf. OI^^Ei ^ S 



S «tgoj s ^oj| MXO k (kb 2 LHXI 4gj) aHf^OI £ ^S^ei £J3£0| ^^^01 32^011 AH 

oi ^^moi 3^. ^in#. ^ ^#2 aioiise £)X|2] yxi^e ^Hd^ 4 g ^S2j i ^M^2j 

XilS^Se 4^1 Mg^e Algol 01 1^2] s.^y\ ^1^21 ^^| gDHM Algufb 5§0i| b|of 

oi xi^oiiai gjs Aie) gxi£io[£§ o^AUl ^>1^0| ^^ehq. 



m=?& 1 

spi (i)o| tj^^e st, h m^ asxisi## ^ui^ 3x1^ mm^- 

MXOk (1) 

AjO||A| MS 13^ g^. 14= gi^, S0|^^ ^ m^¥r Ol-^-Oi 

J! ^0\\M d^£lfe 5jOi£ §m2| ^4:013. ^^1 a^2J 0| g 4^ 2ib ^^012. kb 
2 UIXI 42| «?|0I| 

i! 1 ?^ 2 

WMSOII £101 AI . £M &± M0| Na. K. Mg . Ca . Sr. Ni . Co. Si. Ti . B. AI . Sn. Mi,. Cr. Fe. V. Zr °1 
0|^2j 3St^og 0|¥O13 50i|A| d^!£Jb 32 2X|g ^M^. 
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Xl| 1 2JCHA1. £J\ 01 § gg^tl Sib P. S. W % 0|#2J 5^og OI^OIS ^0\\M £^£1 

b 2Xlg glU- 

m%m °io\m. gi\ Si Msi mmmm m\o\ 0.1 mxi 15 3x1 § 

«|1»0I| ?10\M. g?\ Si M2J §g£!OI| CioiOl 0.1 LH XI 6 3X|g . 

XI1 1^011 oiCHAl. g?\ 01 g SB Sg^feff Si2j 9S2 0II CHmOl 0.1 LHX| 15 giF%o] xi^a 

XJH^CHI SiCHAl , £P| 0 |g §tl §£Pr^°! Si2| S#S0|| CHSfOj 0.1 UiXI 6 gi»*%£l 3X[g 



g^tl 8 

39H»0|| SiOIAi. H0^£|#2| ^»ilb 0.01 LHXj 2w°\ 3X|g ^Ml - 

jjii»oii ?io\M. &?\ mmmzi a n£?n m*i' 3 g/cc°j 3x1^ 
10 

Xl|1^0i| °|01A1 . £PI H£*{£|£ib i§i8 7[«?ao| £?S|/2S £§0| ^sjoj 

3X|g ■ 

11 

anouoii sioiAi. 3?im^ °s <ym/©soi mm^B £ie 01^21 ?i^£" eiti^aioid/ 
qsjeiuaioig en, sjgoi^ m^mm msm 4 s &b mtm. 3^. 

BIM S! §31 m^e^ 01^013 ?0)|A1 3^£lb ^OiSE mU2| 2X|g 

il^tJ 12 

hiiiwm 9io\M. ail oi^ej 2iEii^aioi^/aeiEi^siioid mue e\m 3^ 

1. BJh 8ft ^S^ilUOlH mtfe 3d 8i*H Ol^OiS ^GHI A1 3*JEIb *<01£ SH42| ^§]o| xj 

xi g 

13 

flUSOII £iO|A|. £PI ^M^0| 3XJ2J EM Sd g 30i£E CH4 Oil AlgSIb 3X|g ^M§J. 

xiii»oii 2ioiAi . &?\ mm^E ^zi 3xi. g^si 3x1. xjxi . #s*e 2x1. y^sxs. ni-mhcu^ 
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2 LHXI 42] ^^011 
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i^, a* ^^iuoih m^i §y &^xh i-^^ oi^chs ?oiiai ^o\^ mu^ eaej 3 
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